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Docket No.: 1349.1191 
SUBSTITUTE SPECIFICATION MARKED UP VERSION 

TITLE OF THE INVENTION 

[DEVELOPING DEVICE1 AN IMAGE FORMING APPARATUS HAVING DEVELOPING GAP 

DETECTING FUNCTION 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Patent Application No. 2002-46644, filed 
August 7, 2002, in the Korean Intellectual Property Office, and Korean Patent Application 
No. 2003-18820 filed March 26, 2003, the disclosures of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to [a developing device]an image forming apparatus for 
developing an electrostatic latent image formed on a photosensitive medium, such as a 
photosensitive drum, into a toner image in office machines, such as a laser beam printer, a 
facsimile, a digital copier, etc., employing an electrophotograph method, and more particularly, 
to [a developing device]an image forming apparatus having a developing gap detecting function 
capable of correctly detecting a developing gap between a photosensitive medium and a 
developer conveyer, such as a developing roller, at a low cost. 

2. Description of the Related Art 

[0003] FIG. 1 is a view schematically showing a general developing device. Referring to 
FIG. 1, the developing device includes a photosensitive medium 1 (hereinafter, called a 
photosensitive drum) forming an electrostatic latent image or electrostatic latent images by a 
laser scanning unit (LSU), not shown, using a voltage level property of a surface thereof, a 
charged roller 2 applying an electrical property to the surface of the photosensitive drum 1 while 
rotating to be in contact with the photosensitive drum 1, a developer conveyer 5 (hereinafter, 
called a developing roller) depositing a developer (toner) which includes desired colors of toner 
to the electrostatic latent image formed on the photosensitive drum 1 while rotating in a direction 
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opposite to the photosensitive drum 1 to form a visible image, a developer supplying roller 6 
supplying the developer to the developing roller 5, a developer amount regulating member 7 
regulating an amount of a developer layer of the developer deposited on the developing roller 
5, a cleaning blade 10 removing a residual developer remaining on the surface of the 
photosensitive drum 1 after one period of rotation of the photosensitive drum 1 , and a power 
supply supplying a supply voltage to the photosensitive drum 1, the developing roller 5, and the 
developer amount regulating member 7. 

[0004] An operation of the image forming apparatus having the above-mentioned developing 
device is described as follows. Firstly, the surface of the photosensitive drum 1 is charged 
uniformly to a desired voltage by the charged roller 2. 

[0005] Thereafter, the LSU converts digital signals inputted from a computer or a scanner 
through a laser diode into a laser beam in a form of optical signals and emits the laser beam to 
the photosensitive drum 1 , thereby forming the electrostatic latent image on the surface of the 
photosensitive drum 1. 

[0006] The developer supplied on a surface of the developing roller 5 is moved in a 
developing gap g formed between the photosensitive drum 1 and the developing roller 5 through 
a rotation of the developing roller 5. At this time, the developer is maintained in a desired 
developer (toner) thickness on the surface of the developing roller 5 by the developer amount 
regulating member 7 mounted in an upper part of the developing roller 5. 

[0007] Thereafter, during a rotation of the photosensitive drum 1 , the developer is moved to 
the electrostatic latent image of the photosensitive drum 1 by a voltage level difference between 
the electrostatic latent image on the photosensitive drum 1 and the surface of the developing 
roller 5, and the electrostatic latent image formed on the surface of the photosensitive drum 1 is 
developed to a visual form of a toner image (visual image). 

[0008] If a sheet of paper is fed between the photosensitive drum 1 , on which the toner 
image is formed, and a transfer roller (not shown) located under the photosensitive drum 1. The 
transfer roller generates a high voltage of air discharge to transfer the toner image deposited on 
the photosensitive drum 1 onto the sheet. 

[0009] Thereafter, the photosensitive drum 1 continues to rotate, and the cleaning blade 10 
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removes the developer remaining on the surface of the photosensitive drum 1 to enable the 
photosensitive drum 1 to form a next electrostatic latent image or next electrostatic latent 
images. At this time, the sheet to which the toner image is transferred, is fixed by heat and 
pressure and then discharged out of a machine. Accordingly, a series of image formation 
processes is ended (completed). 

[0010] However, it is important for this image forming apparatus to uniformly keep the 
developing gap g between the photosensitive drum 1 and the developing roller 5 to maintain a 
developing quality uniformly and stably in an operation of depositing the developer on the 
electrostatic latent image of the photosensitive drum 1 to develop the toner image. 

[0011] In order to achieve this goal, as shown in FIG. 2, the developing device 1 includes a 
spacer 5a having two spacer rolls as a device for maintaining the uniform developing gap g 
between the photosensitive drum 1 and the developing roller 5, wherein the two spacer rolls are 
capable of rotating to be in contact with the surface of the photosensitive drum 1 at both ends of 
a shaft 5b of the developing roller 5. 

[0012] Since the spacer 5a has a greater external diameter to form a desirable developing 
gap g with the photosensitive drum 1 than an external diameter of the developing roller 5, when 
the photosensitive drum 1 and the developing roller 5 are disposed opposite to each other with 
respect to the developing gap g and rotated at a uniform linear velocity by a photosensitive 
drum gear 1a and a developing roller gear 5c, the developing gap g between the developing 
roller 5 and the photosensitive drum 1 is always maintained uniform. As shown in FIG. 3, the 
developing gap g is expressed by a formula (D2-D1 )/2 - (D4-D3)/2 wherein D1 is an external 
diameter of the developing roller 5, D2 is an external diameter of the spacer 5a, D3 is an 
external diameter of the shaft 5b, and D4 is an internal diameter of the spacer 5a. 

[0013] However, in respective developing devices, the developing gap varies depending on 
measurement precisions of related parts. Image qualities also vary in accordance with 
variations of the developing gaps. With a large developing gap, a developing electric field 
becomes weaker, and accordingly, an image density is lowered. On the other hand, with a 
smaller developing gap, the developing electric field becomes stronger, and accordingly, the 
image density becomes higher. In a worse case, there can be a discharge inducing an image 
noise. Accordingly, to solve such a problem, it is required to precisely install the developing 
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device in the image forming apparatus, sense the developing gap of the developing device upon 
printing, adjust the developing electric field appropriately according to a sensed result, and 
outputting the variable electric field. 

[0014] For this purpose, a technology for forming reference images on a photosensitive 
medium or a transfer belt and detecting an image concentration using an optical sensor has 
been disclosed. However, this conventional technology has a disadvantage that due to a high 
cost of the optical sensor, the production cost increases. 

[0015] Additionally, US Patent No. 5,521,683 discloses an apparatus for detecting a 
developing gap by applying a constant voltage and a constant current to a developing conveyer. 
However, this reference has a disadvantage that a voltage and current variation corresponding 
to the variation of the developing gap is too small, and thus becomes inaccurate. 

SUMMARY OF THE INVENTION 

[0016] Therefore, the present invention has been made to solve the above and/or other 
problems, and it is an aspect of the present invention to provide a developing device having a 
developing gap detecting function capable of correctly detecting a developing gap between a 
developing roller and a photosensitive drum at low cost. 

[0017] Additional aspects and advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0018] Accord i ng to tho abov e and/or other asp e cts of the pr e sent inv e ntion, a deve l op i ng 
devic e hav i ng a d e v el oping gap d e t e ct i ng function includ e s a photos e ns i t i v e m e d i um forming an 
e l e ctrostat i c l at e nt i mage or e l e ctrostat i c l at e nt i mag e s, a d e v el oper conv e y e r depositing a 
d e v e lop e r (ton e r) to tho el e ctrostatic lat e nt i mag e form e d on th e photos e ns i tiv e m e dium to form 
a visual i mag e whi le rotat i ng the photos e ns i tive m e d i um oppos i t e thereto, a pow e r supply 
i nc l ud i ng DC and AC pow e r sources to supply DC and AC voltag e s r e sp e ct i v e ly to th e 
photos e ns i t i v e m e d i um and th e develop e r conv e y e r, a curr e nt d e tecting un i t d e t e ct i ng a DC 
current valu e f l ow i ng on th e d e v el op e r conv e y e r when a pr e d e term i ned vo l tag e from th e pow e r 
supp l y i s appli e d to develop th e e l e ctrostatic l atent i mag e form e d on a pred e t e rm i n e d ar e a of 
tho photosens i tiv e m e d i um using th e ton e r transf e rred from th e d e v el oper conv e yor, and a 
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control le r obta i ning a dev el op i ng gap b e tw ee n th e photos e ns i tive medium and th e d e v el oper 
conv e y e r bas e d on th e DC curr e nt va l u e det e ct e d from th e current d e tect i ng un i t. 

According to anoth e r aspect of th e i nv e ntion, whon the e l e ctrostat i c lat e nt imago form e d on th e 
pr e d e t e rm i n e d ar e a of th e photos e ns i t i v e medium i s develop e d us i ng th e ton e r transf e rr e d from 
th e d e v e loper conv e y e r, th e DC vo l tag e from tho pow e r supp l y may b e suppl ie d to th e 
d e v e lop e r conv e y e r. 

[0020]A l so, whon th e ele ctrostat i c lat e nt i mago form e d on tho pred e termin e d ar e a of th e 
photos e ns i t i v e m e d i um is d e v el op e d us i ng th e toner transf e rr e d from th e d e v e lop e r conv e y e r, 
an ov e r l app e d vo l tag e of th e DC and AC vo l tages from th e pow e r supp l y may b e supp l i e d to th e 
d e ve l op e r conv e y e r. 

[0021]According to anoth e r asp e ct of th e inv e nt i on, th e controll e r obtains a d e v el op i ng vo l tag e 
adapted to th e d e v el op e r conv e y e r based on th e d e t e ct e d d e v el oping gap, and supp l i e s th e 
obta i n e d vo l tag e to th e d e v e loper conv e y e r. 

[0022]Add i tiona ll y, th e d e v el oping d e v i c e furth e r i nc l udes a voltago det e cting un i t det e ct i ng an 
output AC voltag e of th e AC pow e r source and a constant vo l tag e control circuit f ee ding - back 
th e d e t e ct e d AC vo l tage to th e AC pow e r sourc e to ma i nta i n th e d e t e ct e d AC vo l tago to a targ e t 
vo l tag e value for us e i n d e v e lop i ng th e ele ctrostat i c lat e nt imago. Furth e r, th e contro l l e r contro l s 
th e constant voltag e contro l c i rcu i t to supp l y th e dev el oping vo l tag e adapted to th e d e v e lop e r 
convey e r. 

Bas e d on th e obtain e d d e v el op i ng vo l tages, th e controller can contro l i mag e forming cond i tions 
i nc l ud i ng charg e d vo l tag e s for charging th e photosens i tiv e m e d i um, a magnitud e and an on - 
time of li ght of an e xposur e m e mb e r, e .g., a las e r scann i ng unit, form i ng tho e l e ctrostatic l at e nt 
i mag e on the photos e ns i t i v e m e d i um. 

1*00191 According to the above and/or other aspects of the present invention, an image 
forming apparatus having a developing gap detecting function includes a photosensitive 
medium forming an electrostatic latent image, a developer conveyer depositing a developer to 
the electrostatic latent image formed on the photosensitive medium to form a visual image while 
rotating the photosensitive medium opposite thereto, a power supply supplying one of DC 
voltage and the DC voltage overlapped with AC voltage to the developer conveyer a current 
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detecting unit detecting a value of a DC current flowing on the developer conveyer when the 
voltage of the power supply is outputted, and a controller obtaining a developing gap formed 
between the photosensitive medium and the developer conveyer based on the DC current value 
detected by the current detecting unit. 

r00201 According to another aspect of the invention, when the electrostatic latent image 
formed on the area of the photosensitive medium is developed using the developer transferred 
from the developer conveyer the current detecting unit detects the DC current flowing on the 
developer conveyor. 

f 00211 The controller calculates a developing voltage adapted to the developer conveyer 
based on the obtained developing gap and supplies the developing voltage to the developer 
conveyer. 

r00221 Additionally, the image forming apparatus further comprises a voltage detecting circuit 
detecting the AC voltage from the DC voltage overlapped with AC voltage, and a constant 
voltage control circuit which feeds-back a value of the detected AC voltage to the power supply 
to maintain the value of the detected AC voltage as a target voltage value for developing. 
Further, the controller controls the constant voltage control circuit to output the developing 
voltage adapted to the developer conveyer. 

r00231 Based on the obtained developing voltage, the controller controls image forming 
conditions including a charged voltage for charging the photosensitive medium and a magnitude 
of light and a scanning time of the exposure member forming the electrostatic latent image on 
the photosensitive medium using the light. 

r00241 After the developing gap is obtained, the controller controls such that a toner image, 
which is developed on certain area of the photosensitive medium by the developing of the 
electrostatic latent image with the developer for the purpose of obtaining the developing gap, is 
transferred onto a paper sheet as fed. 

TO0251 According to another aspect of the present invention, a developing gap detecting 
apparatus includes a photosensitive medium forming an electrostatic latent image, a developer 
conveyer depositing a developer to the electrostatic latent image formed on the photosensitive 
medium to form a visual image while rotating the photosensitive medium opposite thereto, a 



6 



Docket No.: 1349.1191 



power supply supplying one of DC voltage and the DC voltage overlapped with AC voltage to 
the developer conveyer, a current detecting unit detecting a value of a DC current flowing on the 
developer conveyer when the voltage of the power supply is outputted, and a controller 
obtaining a developing gap formed between the photosensitive medium and the developer 
conveyer based on the DC current value detected by the current detecting unit. 

r00261 According to vet another aspect of the present invention, an image forming apparatus 
having a developing gap detecting function includes a photosensitive medium, an exposure 
member forming an electrostatic latent image on the photosensitive medium, a developer 
conveyer depositing a developer to the electrostatic latent image formed on the photosensitive 
medium to form a visual image, a power supply supplying a voltage to the photosensitive 
medium and the developer conveyer a current detecting unit detecting a current flowing from 
the power supply to the developer conveyer when the voltage of the power supply is outputted 
to develop the electrostatic latent image using the developer, and a controller controlling one of 
a peak-to-peak, a duty ratio, a freouencv, and a DC overlapped value of an AC voltage 
component of the power source to control image forming conditions of the developing device, 
and adjusting the voltage to charge the photosensitive medium, strength of light and a scanning 
time of the exposure member forming the electrostatic latent image on the photosensitive 
medium using the light. 

r00271 According to vet another aspect of the present invention, a developing gap detecting 
method in an image forming apparatus having a photosensitive medium and a developer 
conveyer, includes supplying one of DC voltage and the DC voltage overlapped with AC voltage 
to the photosensitive medium and the developer conveyer, detecting a value of a DC current 
flowing on the developer conveyer when a predetermined voltage is outputted to develop an 
electrostatic latent image formed on an area of the photosensitive medium using a developer 
transferred from the developer conveyer, obtaining a developing gap formed between the 
photosensitive medium and the developer conveyer based on the detected DC current value, 
and calculating a developing voltage adapted to the developer conveyer to be supplied to the 
developer conveyer based on the obtained developing gap. 

[0028] According to vet another aspect of the present invention, a developing gap detecting 
method in an image forming apparatus having a photosensitive medium and an exposure 
member forming an electrostatic latent image on the photosensitive medium, includes 
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controlling one of a peak-to-peak, a duty ratio, a frequency, and a DC overlapped value of an 
AC voltage component of an AC power source supplying a voltage to the developing device to 
control image forming conditions of the developing device, and adjusting a charged voltage to 
charge the photosensitive medium, strength of light and a scanning time of the exposure 
member forming the electrostatic latent image on the photosensitive medium using the light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

fOO244r00291 These and/or other aspects and advantages of the invention will become 
apparent and more readily appreciated from the following description of the preferred 
embodiment, taken in conjunction with the accompanying drawings of which: 

FIG. 1 is a view schematically showing a general developing device of an image forming 
apparatus; 

FIG. 2 is a front view of a developing gap holding device of a conventional image 
forming apparatus shown in FIG. 1; 

FIG. 3 is a side view of the developing gap holding device shown in FIG. 2; 

FIG. 4 is a graph representing image variations corresponding to a developing gap; 

FIG. 5 is a graph representing current variations corresponding to the developing gap; 

and 

FIG. 6 is a block diagram of a dev e loping gap d e tect i ng d e v i c e of an image forming 
apparatus a d e v el op i ng d e v i c e with a developing gap detecting device having a developing gaps 
detecting function m an i mag e forming apparatus according to an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

fQQ25ir00301 Reference will now be made in detail to the present preferred embodiment of the 
present invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. The embodiment is described in order 
to explain the present invention by referring to the Figures. 

{0026^00311 A detailed description of a developing device according to an embodiment of the 
invention will be described with reference to the accompanying drawings. 
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f00274f00321 FIG. 4 is a graph representing image variations corresponding to a developing 
gap. As shown in FIG. 4, when the developing gap becomes greater due to a variation of an 
image density, an image quality becomes lowered. Accordingly, to obtain a uniform quality of an 
image, it is necessary to maintain an appropriate developing gap. Also, the variation of the 
image density and a line width of the image are prevented, and a current leakage is avoided by 
adjusting image forming conditions according to the variation and a difference of developing 
gaps. 

K)Q2Sir00331 FIG. 5 is a graph representing current variations corresponding to the developing 
gap. FIG. 5 shows a result of measuring a DC current in a case of forming a electrostatic latent 
image or electrostatic latent images with black solid lines in an area corresponding to 2 OPC 
periods (2/3 area of A4 paper) and supplying a DC voltage to a developer conveyer 5 
(developing roller) of FIG. 6 when the developing gap is changed to 250^m, 200jim and 150jam, 
respectively. Referring to the graph of FIG. 5, when Vdc=-700V is supplied to the developer 
conveyer 5, current values corresponding to the respective sizes of the developing gap vary as 
shown in table 1 below. By detecting the developing current, it is also possible to accurately 
recognize the size of the developing gap. 

Table 1 



Developing gap (urn) 


250 


200 


150 


Developing current (^A) 


0.32 


1.10 


1.80 



fQQ29ir00341 FIG. 6 is a block diagram of a developing an image forming apparatus with a gap 
detecting device of a d e v el op i ng d e v i c e having a developing gap detecting function to an i mag e 
form i ng apparatus according to an embodiment of the present invention. 

£gQ3gl[0035] As shown in FIG. 6, the dev el oping gap detecting dovico image forming 
apparatus includes a variable voltage AC power source 101, a variable voltage DC power 
source 102, a voltage detecting circuit 103, a current detecting unit 104, a constant voltage 
control circuit 105, an A/D converter 106, a D/A converter 107 and a CPU 108. 

fQQ344rO0361 By turning on a main motor (not shown) of the image forming apparatus, a 
rotation of 360 of a photosensitive drum 1 is started, and a surface of the photosensitive drum 
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1 is charged to a voltage level of -700V. 

{00321100371 After a desired area of the electrostatic latent image is formed on the 
photosensitive drum 1 , a predetermined voltage is supplied to the developing roller 5. At this 
time, only a DC voltage can be supplied from the variable voltage DC power source 102 to the 
developing roller 5, or an overlapped voltage of the DC voltage and an AC voltage outputted 
from the variable voltage DC power source 102 and the AC power source 101, respectively, can 
be supplied to the developing roller 5. 

FQQ33ir00381 The predetermined voltage from the variable voltage DC power source 102 is 
supplied to the developing roller 5 as described above. 

fQQ34ir00391 Also, the AC power source may output a square wave having a value of Vpp 1.0 
~ 3.0 KV and a frequency of f=1 .5- 3.0 KHz. 

£003g[0040] The constant voltage control circuit 105 receives the AC voltage of the AC power 
source 101 through the voltage detecting circuit 103. Additionally, the constant voltage control 
circuit 105 feeds-back a value of the AC voltage to the AC power source 101 to maintain the AC 
voltage value as a target voltage value of developing the electrostatic latent image. 

f0036tf 00411 When the electrostatic latent image formed on the photosensitive drum 1 is 
developed using a developer (toner), a current Idc flows on the developing roller 5 while the 
toner is moved from the developing roller 5 to the photosensitive drum 1 . 

fQQ37ir00421 The current detecting unit 104 detects this current Idc. A DC current value of the 
detected current Idc is inputted to the CPU 108 through the A/D converter 106. 

[0038^0043] The CPU 108 obtains a developing gap based on the inputted DC current value 
of tho current I dc . Also, the CPU 1 08 calculates a developing voltage value to be supplied to 
the developing roller 5 to obtain an appropriat e based on the obtained developing gap. 

fQQ39ir00441 At this time, the CPU 108 can calculate a Vo value (that is, developing voltage) 
using a predetermined function Vo=f(ldc), or set a predetermined table beforehand to obtain the 
Vo value using a table matching method. 

fQQ4fflr0045] When an image to be printed is outputted, the CPU 108 supplies the obtained Vo 
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value as the overlapped voltage of the DC and AC voltages to the developing roller. Therefore, 
when the electrostatic latent image is developed, a periodic bias voltage obtained by supplying 
the constant voltage controlled DC voltage is applied to a sleeve. 

fQQ444r00461 Meanwhile, the CPU 108 controls such that the toner image, which is developed 
on certain area of the photosensitive drum 1 by the developer for the purpose of developing gap 
detection, is transferred onto a paper sheet. Accordingly, there is no toner image remaining on 
the photosensitive drum 1 that has to be collected in a waste developer storage (not shown). 
As a result, the developing gap detection can be performed as many times as necessary. For 
example, the developing gap detection can be performed when there is a new developing 
device being mounted, or when the printing is performed on a predetermined number of paper 
sheets. 

fQQ42ir00471 Also, the CPU 108 can control the image forming conditions, such as the image 
density and the line width, through a series of processing. 

fQQ43ir00481 This controlling of the image forming conditions may be performed by controlling 
a peak-to-peak, a duty ratio, a frequency, and a DC overlapped value of the AC voltage 
component of the AC power source, a charged voltage for charging the photosensitive roller, 
strength of light and a scanning time of an exposure member forming the electrostatic latent 
image on the photosensitive medium 1 using the light, etc. 

fQQ44W00491 The technology for changing the image forming conditions according to the 
developing voltage is well known in the art and a detailed description thereof will be omitted. 

fQQ451F00501 As is apparent from the above description, in accordance with the developing 
device having the developing gap detecting function of the present invention, the developing 
gap is detected by sensing the DC current flowing on the developing roller when the charged 
toner moves from the developing roller to the photosensitive medium. Therefore, it is possible 
to lower a manufacturing cost, reduce an error, and sense the developing gap minutely, and it is 
also possible to maintain a density deviation and the line width of the image uniform. 

f0046Tr005n T he foregoing embodiment and advantages are merely exemplary and are not to 
be construed as limiting the present invention. The present teaching can be readily applied to 
other types of apparatuses. The description of the present invention is intended to be 
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illustrative, and not to limit the scope of the claims. Many alternatives, modifications, and 
variations will be apparent to those skilled in the art. In the claims, means-plus-function clauses 
are intended to cover the structures described herein as performing the recited function and not 
only structural equivalents but also equivalent structures. 
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